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To Whom It May Concern: ‘-rt 
is 

We are writing with regard to the notice published in the Federal Register on Monday, Jsv~lary 
24,200O regarding the Direct Final Rule to amend various device regulations to reflect c%ent 
American Society for Testing and Materials citations. z2 

0 

i?l We are very pleased that FDA is updating its references to three ASTM methods: 
l D 14 15-68 Test Method for Rubber Property - International Hardness 

to D1415-88 
l D412-68 Tension Test of Vulcanized Rubber 

to D412-97 
l D3492-83 Standard Specification for Rubber Contraceptives (Condoms) 

to D3492-96 

The purpose of this letter is to let you know that D412 and D3492 have both been revised again. 
The following are the reasons for the latest revisions. We are requesting that FDA reference the 
most current version of each of these standards. 

Rationale for changes to D412-97 Standard Test Methods for Volcanized Rubber and 
Thermoplastic Rubbers and Thermoplastic Elastomers - Tension to D412-98A 
Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers-Tension 

The title was changed because the term Thermoplastic Rubber is not defined by the ASTM 
terminology standard D1566 Standard Terminology Relating to Rubber, and has been removed 
from D1418 Standard Practice ,for Rubber and Rubber Latices-Nomenclature. The term is not in 
common usage in journals or other literature. 

The scope was changed to include a statement that methods A and B, which already appear in the 
standard, do not produce identical results. 

The first two sentences of Note 4 were deleted because the wording is redundant to that which 
appears in the section just prior to the note. 

Metric values were added in a separate table from the USCM values because dies used in each 
system would not produce the same results on the same specimen. The report section was 
modified to require that the type of dye used to test the samples be recorded. 

The scope was changed to limit the test method to “‘vulcanized thermoset” to avoid confusion, 
redundancy and inconsistency with the current literature. 
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. Rational for changes to D349296 Standard Specification for Rubber Contraceptives (Male 
Condoms) to D3492-97 Standard Specification for Rubber Contraceptives (Male Condoms) 

Air Burst Test Accuracy-The change on the accuracy requirement for air burst testing was 
adopted. The equipment accuracy will now be +5% for burst volume (previously ?0.2dm3) and 
&2% for burst pressure (previously M.05 kPa). Also the rounding requirement for air burst 
volume will be the nearest 1 liter (dm3) (previously 0.5 dm3). All of the above were done to 
reflect the accuracy of the test equipment. 

Thickness Measurement-It was agreed to change the method for determining the location of the 
three points on a condom for measuring thickness. The current standard states “Measure the wall 
thickness at three points, 10 _+ 5mm from the open, 30 + 5mm from the closed end, and at the 
mid-distance between these two points.” A proposal to change this to 30 f 5mm, 90 rt 5mm and 
150 + 5mm from the closed end was approved. All the locations for the 3-point measurement of 
thickness in the above (Section 4.2.1.3) are specified for clarity. 

Storage of condoms--Section 7.2 will be changed to read “latex condoms should be stored in 
sealed containers, in dry areas at temperatures below 40°C (104°F). Storage for short periods of 
time above this temperature will not be harn&l to product. They should be kept away from 
direct sources of heat and ultraviolet light.” This gives a specific storage temperature. 

In section 3.1, the words “good quality” will be deleted as the requirement is for rubber latex to 
conform to ASTM D1076. The phrase “good quality” in Section 3.1 of D3492-96 was removed 
in the D3492-97 edition as natural rubber latex conforming to Spec. D1076 is already a good 
quality latex. 

In table 1 the AQL for leakage will be changed from 0.4 to 0.25 to make the 
requirement more stringent. 

Figure 1 (mandrel for determining length of condoms) will have the width dimension express as 
25.0 +_ 0.2mm (currently expressed as a radius of 12.5 f 0.5mm) to make the requirement more 
simple to meet. 
Contact: Kok-Kee Bon, (703) 941-7656 

Two copies of each of the new standards are enclosed. If you have any questions, please do not 
hesitate to contact me or the contacts listed above. My telephone number is 610-832-9687. 
Thank you for your consideration. 

Sincerely yours, 

Kathleen Riley Kono 
ASTM Washington Representative 

Cc: Phil Chao, FDA 
Rob Allen, ASTM 





#lb Designation: D 412 - 98a 

Standard Test Methods for 
Vulcanized Rubber and Thermoplastic Elastomers- 
Tension’ P 

This standard is issued under the fixed designation D 412; the number immediately following the designation indicates gof 
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reap A 
superscript epsilon (Q indicatea an editotial change since the last revision or reapprowl. 

l7ti.s stanahi has been appmved for use by agencies of fhe Department of Oefeme. 32 

1. scope 

1.1 These test methods cover procedures used to evaluate 
the tensile (tension) properties of vulcanized thermoset rubbers 
and thermoplastic elastomers. These methods are not appli- 
cable to ebonite and similar hard, low elongation materials. 
The methods appear as follows: 

Test Method A-Chm&eM and Straight S&ion Specimens 
Test Method B-Cut Ring Specimens 

NOTE 1These hvo different methods do not produce identical results. 

1.2 The values stated in either SI or non-S1 units shall be 
regarded separately as normative for this standard. The values 
in each system may not be exact equivalents; therefore each 
system must be used independently, without combining values. 

1.3 This standard does not purport to address all of the 
safety concerns, $ any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2 Referenced Documents 

2.1 ASTM Standards: 
D 1349 Practice for Rubber-Standard Temperatures for 

Testing’ 
D 1566 Terminology Relating to Rubbe? 
D 3182 Practice for Rubber-Materials, Equipment and 

Procedures for Mixing Standard Compounds and Prepar- 
ing Standard Vulcanized Sheets’ 

D 3 183 Practice for Rubber-Preparation of Pieces for Test 
Purposes from Products’ 

D 3767 Practice for Rubber-Measurement of Dimensions2 
D 4483 Practice for Determining Precision for Test Method 

Standards in the Rubber and Carbon Black Industries’ 
E 4 Practices for Force Verification of Testing Machines3 
2.2 ASTM Adjunct: 

’ These test methods are under the jurisdiction of ASTM Committee D-l 1 on 
Rub&r and are the direct responsibility of Subcommittee D1l.10 on Physical 
Testing. 

Current edition approved July 10. 1998. Published August 1998. Originally 
publiahed as D 412 - 35 T. Last previous edition D 412 - 98. 

2 Armad Book of ASTM Stan&v& VolO9.01. 
3 Annual Book of ASTM Stanaizntr, VolO3.01. 

CqqrQlu 0 ASTM. 100 Barr Ha&a Drive. West Cmshdvxkm. PA 19428-2959. United States. 

Cut Ring Specimens, Method B (D 41% 
2.3 IS0 Stanakrak 
IS0 37 Rubber, Vulcanized and Therm$astic Determina- 

tion of Tensile Stress-Strain Properties5 
B 

3. Terminology 0 

3.1 Definitions: $3 
3.1-l tensile set-&e extension remaining after a specimen 

has been stretched and allowed to retract in a specified manner, 
expressed as a percentage of the original length. (D 1566) 

3.1.2 tensile set-ajler-break-the tensile set measured by 
fitting the two broken dumbbell pieces together at the point of ._ 
rupture. 

3.1.3 tensile strength-the maximum tensile stress applied 
in stretching a specimen to rupture. (D 1566) 

3.1.4 tensile stress-a stress applied to stretch a test piece 
(specimen). (D 1566) 
_._ 3.1.> tensile stress at-given-elongation-the stress required 
to stretch the uniform cross section of a test specimen to a 
given elongation. (D 1566) 

3.1.6 thetmoplastic elastomers-a diverse family of rubber- 
like materials that unlike conventional vulcanized rubbers can 
be processed and recycled Iike thermoplastic materials. 

3.1.7 ultimate elongation-the elongation at which rupture 
occurs in the application of continued tensile stress. 

3.1.8 yield point-that point on the stress-strain curve, short 
of ultimate failure, where the rate of stress with respect to 
strain, goes through a zero vafue and may become negative. 
(D 1566) 

3.1.9 yield strain-the level of strain at the yield point. 
(D 1566) 

3.1.10 yield stress-the level of stress at the yield point. 
(D 1566) 

4. Summary of Test Method 

4.1 The determination of tensile properties starts with test 
pieces taken from the sample material and includes the 
preparation of the specimens and the testing of the specimens. 

4DetaiIed drawings are available from ASTM Headquarters, 1916 Race St.. 
Philadelphia. PA 19103. Order Adjunct No. PCN 12-404121-20. 

’ Available from American National Standards Institute, 11 W. 42nd St.. 13th 
Floor. New York, NY 10036. 
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Specimens may be in the shape of dumbbells, rings or straight 
pieces of uniform cross-sectional area. 

4.2 Measurements for tensile stress, tensile stress at a given 
elongation, tensile strength, yield point, and ultimate elonga- 
tion are made on specimens that have not been prestressed. 
Tensile stress, yield point, and tensile strength are based on the 
original cross-sectional area of a uniform cross-section of the 
specimen. 

4.3 Measurement of tensile set is made after a previously 
unstressed specimen has been extended and allowed to retract 
by a prescribed procedure. Measurement of “set after break” is 
also described. 

5. Signiseance and Use 

5.1 All materials and products covered by these test meth- 
ods must withstand tensile forces for adequate performance in 
certain applications. These test methods allow for the measure- 
ment of such tensile properties. However, tensile properties 
alone may not directly relate to the total end use performance 

- bf the product because of the wide range of potential perfor- 
mance requirements in actual use. 

5.2 Tensile properties depend both on the material and the 
conditions of test (extension rate, temperature, humidity, speci- 
men geometry, pretest conditioning, etc.); therefore materials 
should be compared only when tested under the same condi- 
tions. 

5.3 Temperature and rate of extension may have substantial 
effects on tensile properties and therefore should be controlled. 
These effects will vary depending on the type of material being 
tested. 

5.4 Tensile set represents residual deformation which is 
partly permanent and partly recoverable after stretching and 
retraction. For this reason, the periods of extension and 
recovery (and other conditions of test) must be controlled to 
obtain comparable results. 

6. Apparatus 

6.1 Testing Machine-Tension tests shall be made on a 
power driven machine equipped to produce a uniform rate of 
grip separation of 500 2 50 mm/min (20 2 2 in./min) for a 
distance of at least 750 mm (30 in.) (see Note 1). The testing 
machine shall have both a suitable dynamometer and an 
indicating or recording system for measuring the applied force 
within +2 %. If the capacity range cannot be changed for a test 
(as in the case of pendulum dynamometers) the applied force at 
break shall be measured within 22 % of the full scale value, 
and the smallest tensile force measured shall be accurate to 
within 10 %. If the dynamometer is of the compensating type 
for measuring tensile stress directly, means shall be provided to 
adjust for the cross-sectional area of the specimen. The 
response of the recorder shall be sufficiently rapid that the 
applied force is measured with the requisite accuracy during 
the extension of the specimen to rupture. If the testing machine 
is not equipped with a recorder, a device shall be provided that 
indicates, after rupture, the maximum force applied during 
extension. Testing machine systems shall be capable of mea- 
suring elongation of the test specimen in minimum increments 
of 10 %. 

NOTE 2-A rate of elongation of 1000 + 100 mm/min (40 + 4 in./min) 
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may be cased -and wWirm ,of the speed made in the report. In case of 
dispute. the test shall be repeated and the rate of elongation shall be at 500 
_C 50 mm/min (20 -t 2 inknin). 

6.2 Test Chumbw,for Elevated and Low Temperatures--The 
test chamber shall conform with the following requirements: 

6.2.1 Air shall be circulated through the chamber at a 
velocity of 1 to 2 m/s (3.3 to 6.6 ft/s) at the location of the grips 
or spindles and specimens maintained within 2°C (3.6”F) of the 
specified temperature. 

6.2.2 A c&brated sensing device shall be located near the 
grips or spindles for measuring the actual temperature. 

6.2.3 The chamber shall be vented to an exhaust system or 
to the outside atmosphere to remove fumes libetited at high 
temperatures. 

6.2.4 Provisions shall be made for suspending specimens 
vertically near the grips or spindles for conditioning prior to 
test. The specimens shall not touch each other or the sides of 
the chamber except for momentary contact when agitated by 
the circulating air. 

6.2.5 Fast acting grips suitable for manipulation at high or 
low temperatures may be provided to permit placing dumbbells 
or straight specimens in the grips in the shortest time possible 
to minimize any change in temperature of the chamber. 

6.2.6 The dynamometer shall be suitable for use at the 
temperature of test or it shall be thermally insulated from the 
chamber. 

6.2.7 Provision shall be made for measuring the elongation 
of specimens in the chamber. If a scale is used to measure the 
extension between the bench-marks, the scale shall be located 
paralIe1 and close to the grip path during specimen extension 
and shall be controlled from outside the chamber. 

6.3 DkzlMicromefer-The dial micrometer shall conform to 
the requirements of Practice D 3767 (Method A). For ring 
specimens, see 14.10 of these test methods. 

6.4 Apparatus for Tensile Set Test-‘he testing machine 
described in 6.1 or an apparatus similar to that shown in Fig. 1 
may be used. A stop watch or other suitable timing device 
measuring in minute intervals for at least 30 min, shall be 
provided. A scale or other device shall be provided for 
measuring tensile set to within 1 %. 

7. Selection of Test Specimens 

7.1 Consider the following information in making selec- 
tions: 

7.1.1 Since anisotropy or grain directionality due to flow 
introduced during processing and preparation may have an 
influence on tensile properties, dumbbell or straight specimens 
should be cut so the lengthwise direction of the specimen is 
parallel to the grain direction when this direction is known. 
Ring specimens normally give an average of with and across 
the grain properties. 

7.12 Unless otherwise noted, thermoplastic rubber or ther- 
moplastic elastomer specimens, or both, are to be cut from 
injection molded sheets or plaques with a thickness of 3.0 f 
0.3 mm. Specimens of other thickness will not necessarily give 
comparable results. Specimens are to be tested in directions 
both parallel and perpendicular to the direction of flow in the 
mold. Sheet or plaque dimensions must be sufficient to do this. 

7.1.3 Ring specimens enable elongations to be measured by 
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grip separation, but the elongation across the radial width of 
the ring specimens is not uniform. To minimize this effect the 
width of the ring specimens must be small compared to the 
diameter. 

7.1.4 Straight specimens tend to break in the grips if normal 
extension-to-break testing is conducted and should be used 
only when it is not feasible to prepare another type of 
specimen. For obtaining non-rupture stress-strain or material 
modulus properties, straight specimens are quite useful. 

7.1.5 The size of specimen type used will be determined by 
the material, test equipment and the sample or piece available 
for test. A longer specimen may be used for rubbers having low 
ultimate elongation to improve precision of elongation mea- 
surement. 

8. Calibration of the Testing Machine 

8.1 Calibrate. the testing machine in accordance with Proce- 
dure A of Practice E 4. If the dynamometer is of the strain-gage 
type, calibrate the tester at one or more forces in addition to the 
requirements in Sections 7 and 18 of Practice E 4. Testers 
having pendulum dynamometers may be calibrated as follows: 

8.1.1 Place one end of a dumbbell specimen in the upper 
grip of the testing machine. 

8.1.2 Remove the lower grip from the machine and attach it, 
by means of the gripping mechanism to the dumbbell specimen 
in the upper grip. 

8.1.3 Attach a hook to the lower end of the lower specimen 
grip mechanism. 

8.1.4 Suspend a known mass from the hook of the lower 
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specimen grip mechanism in such a way as to permit the mass 
assembly to temporarily rest on the lower testing machine grip 
framework or holder (see Note 2). 

8.1.5 Start the grip separation motor or mechanism, as in 
normal testing, and allow it to run until the mass is freely 
suspended by the specimen in the upper grip. 

8.1.6 If the dial or scale does not indicate the force applied 
(or its equivalent in stress for a compensating type tester) 
within specified tolerance, thoroughly inspect the testing ma- 
chine for malfunction (for exampie, excess friction in bearings 
and other moving parts). Ensure that the mass of the lower grip 
mechanism and the hook are included as part of the known 
UMSS. 

8.1.7 After machine friction or other malfunction has been 
removed, recalibrate the testing machine at a minimum of three 
points using known masses to produce forces of approximately 
IO, 20 and 50 % of capacity. If pawls or rachets are used during 
routine testing, use them for calibration. Check for friction in 
the head by calibrating with the pawls up. 

NOTE 3-U is advisable to provide a means foi preventing the known 
mass from falling to tbe floor in case the dumbbell should break 

8.2 A rapid approximate calibration of the testing machine 
may be obtained by using a spring calibration device. 

9. Test Temperature 

9.1 Unless otherwise specified, the standard temperature for 
testing shall be 23 2 2°C (73.4 ? 3.6’F). Specimens shall be 
conditioned for at least 3 h when the test temperature is 23°C 
(73.4”F). If the material is affected by moisture, maintain the 
relative humidity at 50 + 5 % and condition the specimens for 
at least 24 h prior to testing. When testing at any other 
temperature is required use one of the temperatures listed in 
Practice D 1349. 

9.2 For testing at temperatures above 23°C (73.4’F) preheat 
specimens for 10 + 2 min for Method A and for 6 2 2 min for 
Method B (see Note 3). Place each specimen in the test 
chamber at intervals ahead of testing so that all specimens of a 
series will be in the chamber the same length 0): time. The 
preheat time at elevated temperatures must be limited to avoid 
additional vulcanization or thermal aging. 

NATE 4-Precaution: In addition to other precautions, suitable heat or 
cold resistant gloves should be worn for arm and hand protection when 
testing at other than 23°C (73.4”F). A mask for the face is very desirable 
for high temperature testing to prevent the inhalation of toxic fumes when 
the door of the chamber is open. 

9.3 For testing at temperatures below 23°C (73.4”F) condi- 
tion the specimens at least 10 min prior to testing. 

TEST METHOD A-DUMBBELL AND STRAIGHT 
SPECIMENS 

10. Apparatus 

10.1 Die-The shape and dimensions of the die for prepar- 
ing dumbbell specimens shall conform with those shown in 
Fig. 2. The inside faces in the reduced section shall be 
perpendicular to the plane formed by the cutting edges and 
polished for a distance of at least 5 mm (0.2 in.) from the 
cutting edge. The die shall at all times be sharp and free of 
nicks (see Note 4). 

D412 

NOTE .%-The condition of the die may be determined by investigating 
the rupture point on any series of broken (ruptured) specimens. Remove 
such specimens from the grips of the testing machine, stack the joined- 
together specimens on top of each other, and note if there is any tendency 
for tensile breaks to occur at the same position on each of the specimens. 
Rupture consistently at the same place indicates that the die may be dull, 
nicked, or bent at that location. 

10.2 Bench Marker--The two marks placed on the speci- 
men and used to measure elongation or strain are called “bench 
marks” (see Note 5). The bench marker shall consist of a base 
plate containing two raised parallel projections. The surfaces of 
the raised projections (parallel to the plane of the base plate) 
are ground smooth in the same plane. The raised projection 
marking surfaces shall be between 0.05 and 0.08 mm (0.002 
and 0.003 in.) wide and at least 15 mm (0.6 in.) long. The 
angles between the parallel marking surfaces and the sides of 
the projections shall be at least 75”. The distance between the 
centers of the two parallel projections or marking surfaces shall 
be within 1 %I of the required or target bench mark distance. A 
handle attached to the back or top of the bench marker base 
plate is normally a part of the bench marker. 

Nors 6-If a contact extensometer is used to measure elongation, 
bench marks are not necessary. 

10.3 Ink Applicator-A flat unyielding surface (hardwood, 
metal, or plastic) shall be used to apply either ink or powder to _ 
the bench marker. The ink or powder shall adhere to the 
specimen, have no deteriorating effect on the specimen and be 
of contrasting color to that of the specimen. 

10.4 Grips-The testing machine shall have two grips, one 
of which shall be connected to the dynamometer. 

10.4.1 Grip? for testing dumbbell specimens shall tighten 
autom&&& and exert a uniform pressure across the gripping 
surfaces, increasing as the tension increases in order to prevent 
slippage and to favor failure of the specimen in the straight 
reduced section. Constant pressure pneumatic type grips also 
are satisfactory. At the end of each grip a positioning device is 
recommended for inserting specimens to the same depth in the 
grip and for alignment with the direction of pull. 

10.4.2 Grips for testing straight specimens shall be constant 
pressure pneumatic, wedged, or toggle type designed to trans- 
mit the applied gripping force over the entire width of the 
gripped specimen. 

11. Specimens 

11.1 Dumbbell Specimens-Whenever possible, the test 
specimens shall be injection molded or cut from a flat sheet not 
less than 1.3 mm (0.05 in.) nor more than 3.3 mm (0.13 in.) 
thick and of a size which will permit cutting a specimen by one 
of the standard methods (see Practice D 3182). Sheets may be 
prepared directly by processing or from finished articles by 
cutting and buffing. If obtained from a manufactured article, 
the specimen shall be free of surface roughness, fabric layers, 
etc. in accordance with the procedure described in Practice 
D 3183. All specimens shall be cut so that the lengthwise 
portion of the specimens is parallel to the grain unless 
otherwise specified. In the case of sheets prepared in accor- 
dance with Practice D 3182, the specimen shall be 2.0 2 0.2 
mm (0.08 It 0.008 in.) thick died out in the direction of the 
grain. Use Die C, Fig. 2 (unless otherwise noted) to cut the 
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FKL 2 Standard Dies for Cutting Dumbbell Specimens 

specimens from the sheet with a single impact stroke (hand or ence between the maximum and the minimum thickness 
exceeding 0.08 mm (0.003 in.), shall be discarded. The width 
of the specimen shall be taken as the distance between the 
cutting edges of the die in the restricted section. 

machine) to ensure smooth cut surfaces. - 
1 I. 1.1 Marking Dumbbell Specimens-Dumbbell speci- 

mens shall be marked with the bench marker described in 10.2, 
with no tension on the specimens at the time of marking. Marks 
shall be placed on the reduced section, equidistant from its 
center and perpendicular to the longitudinal axis. The between 
bench mark distance shah be as follows: for Die C or Die D of 
Fig. 2, 25.00 + 0.25 mm (1.00 2 0.01 in.); for any other Die 
of Fig. 2, 50.00+ 0.5 mm (2.00 t 0.02 in.). 

11.1.2 Measuring Thickness of Dumbbell Specimens- 
Three measurements shall be made for the thickness, one at the 
center and one at each end of the reduced section. The median 
of the three measurements shall be used as the thickness in 
calculating the cross sectional area. Specimens with a differ- 
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11.2 Straight Specimens-Straight specimens may be pre- 
pared if it is not practical to cut either a dumbbell or a ring 
specimen as in the case of a narrow strip, small tubing or 
narrow electrical insulation material. These specimens shall be 
of sufficient length to permit their insertion in the grips used for 
the test. Bench marks shall be placed on the specimens as 
described for dumbbell specimens in 11.1.1. To determine the 
cross sectional area of straight specimens in the form of tubes, 
the mass, length, and density of the specimen may be required. 
The cross sectional area shall be calculated from these mea- 
surements as follows: 



Dimensions of Standard Dumbbell Dies! (Metric Units) 

Dimension Units Tolerance Die A Die 6 DiiC Die D Die E Die F 

A mm tt 25 25 25 16 16 16 
0 mm max 40 40 40 30 30 30 
C mm min 140 140 115 100 125 125 
D mm t6* 32 32 32 32 32 32 
D-E mm ?I 13 13 13 13 13 13 
F mm +2 36 36 19 19 36 36 
G mm +I 14 14 14 14 14 14 
H mm t2 25 25 25 16 16 16 
L mm -c2 59 59 33 33 59 59 
W mm ?0.05, -0.00 12 6 6 3 3 6 
z mm t1 13 13 13 13 13 13 

ADii whose dimensions are expressed in metric units are not exactly the same as dies whose dimensions are expressed in U.S. customary units. Dii dimensioned 
in metric units are intended for use with apparalus calibrated in metric units. 

%r dies used in &king machines it is preferable that thki tolerance be+ 0.5 mm. 

RG. 2 a (mtinued) 

Dimensions of Standard Dumbbell Did (U.S. Customaty Units) 

Diianekxl Units Toferance Die A Die 0 Die C DiiD Die E Die F 

A in. 20.04 1 I 1 0.62 0.62 0.62 
B in. max 1.6 1.6 1.6 12 12 1.2 

min C in. 5.5 5.5 4.5 4 5 5 
D in. 20.25’ 1.25 125 125 1.25 125 125 
D-E in. 20.04 0.5 0.5 0.5 0.5 0.5 0.5 
F in. 20.06 1.5 1.5 0.75 0.75 1.5 1.5 
G in. k0.W 0.56 0.56 0.56 0.56 0.56 0.56 
H in. 20.06 I 1 1 0.63 0.63 0.63 
L in. 20.06 2.32 2.32 1.31 1.31 2.32 2.32 

W in. . +0.002. -o.ooo 0.500 0.260 0250 0.125 0.125 0.250 
z in. 20.04 0.5 0.5 0.5 0.5 0.5 0.5 

Aries whose dimensions are expressed in metric units are not exactly the same as dies whose dimensions are expressed in U.S. customary units. 
BFor dies used in clicking machines it is preferable that this tolerance by+ 0.02 in. 

FIG. 2 b (continued) 

A = MIDL (1) 

where: 
A = cross-sectional area, cm*, 
M = mass, g, 
D = density, gkm3, and 
L = length.cm. 

NOTE 7-A in square inches = A (cm*) X 0.155. 

12. Procedure 

12.1 Determination of Tensile Stress, Tensile Strength and 
EeM Point-Place the dumbbell or straight specimen in the 
grips of the testing machine, using care to adjust the specimen 
symmetrically to distribute tension uniformly over the cross 
section. This avoids complications that prevent the maximum 
strength of the material from being evaluated. Unless otherwise 
specified, the rate of grip separation shall be 500 + 50 mm&tin 
(20 + 2 in./min) (see Note 7). Start the machine and note the 
distance between the bench marks, taking care to avoid 
parallax. Record the force at the elongation(s) specified for the 
test and at the time of rupture. The elongation measurement is 
made preferably through the use of an extensometer, an 
autographic mechanism or a spark mechanism. At rupture, 
measure and record the elongation to the nearest 10 %. See 
Section 13 for calculations. 

NOTE &For materials having a yield point (yield strain) under 20 % 
elongation when tested at 500 2 50 mm/min (20 + 2 in./min). the rate of 
elongation shall be reduced to 50 2 5 mm/ruin (2.0 C 0.2 in./min). If the 
material still has a yield point (strain) under 20 % elongation. the rate shall 

lx RdWeki b 5 ?I 0.5 mm/min (0.2 5 0.002 inJmin). The actual rate of 
separation shall be reported 

12.2 Determination of Tensile Set-Place the specimen in 
the grips of the testing machine described in 6.1 or the 
apparatus shown in Fig. 1, and adjust symmetrically so as to 
distribute the tension uniformly over the cross section. Sepa- 
rate the grips at a rate of speed as uniformly as possible, that 
requires 15 s to reach the specified elongation. Hold the 
specimen at the specified elongation for 10 min, release 
quickly without allowing it to snap back and allow the 
specimen to rest for 10 min. At the end of the 10 min rest 
period, measure the distance between the bench marks to the 
nearest 1 % of the original between bench mark distance. Use 
a stop watch for the timing operations. See Section 13 for 
calculations. 

12.3 Determination of Set-Afier-Break-Ten minutes after a 
specimen is broken in a normal tensile strength test, carefully 
fit the two pieces together so that they are in good contact over 
the full area of the break. Measure the distance between the 
bench marks. See Section 13 for calculations. 

13. Calculation 

13.1 Calculate the tensile stress at any specified elongation 
as follows: 

Txxxi = Fw’A (2) 

where: 
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qxxx, = tensile stress at (xxx) % elongation, MPa (Ibfl 
in.‘), 

4xX.x) = force at specified elongation, MN or (lbf), and 
A = cross-sectional area of unstrained specimen, m2 

(in.2). 
13.2 Calculate the yield stress as follows: 

Ymss) = Fe,+’ (3) 

where: 
J&ress) = 

Fey) = 

A = 

yield stress, that stress level where the yield 
point occurs, MPa (lbUin2), 
magnitude of force at the yield point, MN (lbf), 
and 
cross-sectional area of unstrained specimen, m2 
(iu2). 

13.3 Evaluate the yield strain as that strain or elongation 
magnitude, where the rate of change of stress with respect to 
strain, goes through a zero value. 

13.4 Calculate the tensile strength as follows: 

Ts = FmEjA -. (4) 

where: 
TS = tensile strength, the stress at rupture, MPa (1bfI 

in.2), 
F(BE) = the force magnitude at rupture, MN (lbf), and 
A = cross-sectional area of unstrained specimen, m2 

(in.2). 
13.5 Calculate the elongation (at any degree of extension) as 

follows: 

E = low - $&(o, (3 

where: 
E = the elongation in percent (of original bench mark 

distance), 
L = observed distance between bench marks on the 

extended specimen, and 

40) = original distance between bench marks (use same 
units for L and LO,). 

13.6 The breaking or ultimate elongation is evaluated when 
L is equal to the distance between bench marks at the point of 
specimen rupture. 

13.7 Calculate the tensile set, by using Eq 5, where L is 
equal to the distance between bench marks after the 10 min 
retraction period. 

13.8 Test Result-A test result is the median of three 
individual test measurement values for any of the measured 
properties as described above, for routine testing. There are 
two exceptions to this and for these exceptions a total of five 
specimens (measurements) shall be tested and the test result 
reported as the median of five. 

13.8.1 Exception I-If one or two of the three measured 
values do not meet specified requirement values when testing 
for compliance with specifications. 

13.8.2 Exception Z---If referee tests are being conducted. 

TEST METHOD B-CUT RING SPECIMENS 

14. Apparatus 
14.1 Cutter-A typical ring cutter assembly is illustrated in 

Fig. 3. This is used for cutting rings from flat sheets by 

mounting the upper shaft portion of the cutter in a rotating 
housing that can be lowered onto a sheet held by the rubber 
holding plate as shown in Fig. 4. 

14.1.1 Blade Depth Gage-This gage consists of a cylin- 
drical disk having a thickness of at least 0.5 mm (0.02 in.) 
greater than the thickness of the rubber to be cut and a diameter 
less than the inside diameter of the specimen used for adjusting 
the protrusion of the blades from the body of the cutter. See 
Fig. 3. 

14.2 Rubber Hokiing Plate--The apparatus for holding the 
sheet during cutting shall have plane parallel upper and lower 
surfaces and shall be a rigid polymeric material (hard rubber, 
polyurethane, polymethylmethacrylate) with holes approxi- 
mately 1.5 mm (0.06 in.) in diameter spaced 6 or 7 mm (0.24 
or 0.32 in.) apart across the central region of the plate. All the 
holes shall connect to a central internal cavity which can be 
maintained at a reduced pressure for holding the sheet in place 
due to atmospheric pressure. Fig. 4 ilhrstrates the design of an 
apparatus for holding standard sheets (approximately 150X 
150 X 2 mm) during cutting. 

14.3 Source of Reduced Pressure-Any device such as a 
vacuum pump that can maintain au absolute pressure below 10 
kPa (0.1 atm) in the holding plate central cavity. 

14.4 Soap Soluti&-A mild soap solution shall be used on 
the specimen sheet to lubricate the cutting blades. 

14.5 Cutter Rotator-A precision drill press or other suit- 
able machine capable of rotating the cutter at an angular speed 
of at least 30 rad/s (approximately 300 r/mm) during cutting 
shah be used. The cutter rotator device shall be mounted on a 
horizontal base and have a vertical support orientation for the 
shaft that rotates the spindle and cutter. The run-out of the 
rotating spindle shall not exceed 0.01 mm (0.004 in.). 

14.6 Indexing Table-A milling table or other device with 
typical x-y motions shall be provided for positioning the sheet 
and holder with respect to the spindle of the cutter rotating 
device. 

14.7 Tensile Testing Machine-A machine as specified in 
6.1 shall be provided. 

14.8 Test Fixture-A test fixture as shown in Fig. 5 shall be 
provided for testing the ring specimens. The testing machine 
shall be calibrated as outlined in Section 8. 

14.9 Test Chamber-A chamber for testing at high and low 
temperatures shall be provided as specified in 6.2. 

14.9.1 The fixtures specified in 14.8 are satisfactory for 
testing at other than room temperature. However at extreme 
temperatures, a suitable lubricant shall be used to lubricate the 
spindle bearings. 

14.9.2 The dynamometer shall be suitable for use at the 
temperature of test or thermally insulated from the chamber. 

14.10 Dial Micrometer-A dial micrometer shall be pro- 
vided that conforms to the requirements of Practice D 3767. 

14.10. I The base of the micrometer used to measure the 
radial width shall consist of an upper cylindrical surface (with 
its axis oriented in a horizontal direction) at least 12 mm (0.5 
in.) long and 15.5-t 0.5 mm (0.61 ? 0.02 in.) in diameter. To 
accommodate small diameter rings that approach the 15.5 mm 
(0.61 in.) diameter of the base and to avoid any ring extension 
in placing the ring on the base, the bottom half of the 
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GLADE SETTING 
GAUGE 

‘SURGICAL / 

TYPICAl RING 
( SEE SECTION lb 1 

BLADES 
BP IS 

L SPRING PLUNGER 

NGTE l-Dimension C to be 2 mm (0.08 in.) less than the inside diameter of the ring. 
flG. 3 Typical Ring Cutter Assembly 

cylindrical surface may be truncated at the cylinder centerline, 
that ‘is, a half cylinder shape. This permits placing small rings 
on the upper cylindrical surface without interference fit prob- 
lems. Curved feet on the end of the dial micrometer shaft to fit 
the curvature of the ring(s), may be used. 

15. Ring Specimen 

15.1 ASTM Cut Rings-Two types of cut ring specimens 
may be used. Unless otherwise specified, the Type 1 ring 
specimen shall be used. 

15.1.1 Ring Dimmsions: 

mm in. 
Type 1 

Circumference (inside) 50.0 2 0.01 2.0 + 0.004 
Diameter (inside) 15.92 t 0.003 0.637 + 0.001 
RedIll widlh 1.0 + 0.01 0.040 + o.ooo4 
Thiiss, minimum 1.0 0.040 

maximum 3.3 0.13 
Type 2 

Circumference mean 
Diameter (inside) 
Radial width 
Thickness, minimum 

maximum 

100.0 2 0.2 4.0 2 o.ooo4 
29.8 + 0.06 1.19 It 0.0001 
2.0 f 0.02 0.08 t- o.Gm8 
1.0 0.04 
3.3 0.13 

15.2 IS0 Cut Rings-The normal size and the small size 
ring specimens in IS0 37 have the following dimensions given 
in mm. See IS0 37 for specific testing procedures for these 
rings. 

Normal SlTldl 
Diameter, inside 44.6 ? 0.2 mm 8.0 -t 0.1 mm 
Diameter, outside 52.6 -c 0.2 mm 10.0 2 0.1 mm 
Thickness 4.0 -c 0.2 mm 1.0 + 0.1 mm 
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.-i 
(SRi, D412 

Dimension ’ mm 

A 178 
0 152 

‘C a9 

D 229 
E 6 

in. Dimension 

7.0 F 
6.0 G 
3.5 H 

9.0 .._. 
0.25 

flG. 4 Rubber Holding Plate 

mm in. 

19 0.75 
23 0.90 

1.5 0.062 

FIG. 5 Assembly, Ring Tensile Test Fixture 

15.3 Rings Cut from Tubing-The dimensions of the ring 
specimen(s) depend on the diameter and wall thickness of the 
tubing and should be specified in the product specification. 

15.4 Preparation of Cut Ring Specimens-Place the blades 
in the slots of the cutter and adjust the blade depth using the 
blade depth gage. Place the cutter in the drill press and adjust 
the spindle or table so that the bottom of the blade holder is 
about 13 mm (0.5 in.) above the surface of the holding plate. 
Set the stop on the vertical travel of the spindle so that the tips 
of the cutting blades just penetrate the surface of the plate. 

Place the sheet on the holding plate and reduce the pressure in 
the cavity to 10 kPa (0.1 atm) or less. Lubricate the sheet with 
mild soap solution. Lower the cutter at a steady rate until it 
reaches the stop. Be sure that the blade holder does not contact 
the sheet. If necessary, readjust the blade depth. Return the 
spindle to its original position and repeat the operation on 
another sheet. 

15.5 Preparation of Ring Specimens from Tubing-Place 
the tubing on a mandrel preferably slightly larger than the inner 
diameter of the tubing. Rotate the mandrel and tubing in a 
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lathe. Cut ring specimens to the desired axial length by means 
of a knife or razor blade held in the tool post of the lathe. Lay 
thin wall tubing flat and cut ring specimens with a die or 
cutting mechanism having two parallel blades. 

15.6 Ring Dimension Measurements: 
156.1 Circumference-The inside circumference can be 

determined by a stepped cone or by “go-no go” gages. Do not 
use any stress in excess of that needed to overcome any 
ellipticity of the ring specimen. The mean circumference is 
obtained by adding to the value for the inside circumference, 
the product of the radial width and 7c (3.14). 

156.2 Radial Width--The radial width is measured at three 
locations distributed around the circumference using the mi- 
crometer described in 14.10. 

15.6.3 Thickness-For cut rings, the thickness of the disk 
cut from the inside of the ring is measured with a micrometer 
described in Practice D 3767. 

15.6.4 Cuss-Sectional Area-The cross-sectional area is 
_calculated from the median of three measurements of radial 
width and thickness. For thin wall tubing, the area is calculated 
from the axial length of the cut section and wall thickness. 

16. Procedure 

16.1 Derermhution of Tensile Stress, Tensile Strength, 
Breaking (Ultimate) Elongation and ;Yield Point-In testing 
ring specimens, lubricate the surface of the spindle with a 
suitable lubricant, such a mineral oil or silicone oil. Select one 
with documented assurance that it does not interact or affect the 
material being tested. The initial setting of the distance 
between the spindle centers may be calculated and adjusted 
according to the following equation: 

1.7 = rqrs) - C~SP,Y2 (6) 

where: 
IS = initial separation of spindle centers, mm (in.), 

%S) = circumference of test specimen, inside circumfer- 
ence for Type 1 rings, mean circumference for 
Type 2 rings, mm (in.), and 

CG, = circumference of either (one) spindle, mm (in.). 
Unless otherwise specified the rate of spindle separation 

shall be 500 + 50 mm/mm (20 t 2 in./min) (see Notes 7 and 
8). Start the test machine and record the force and correspond- 
ing distance between the spindles. At rupture, measure and 
record the ultimate (breaking) elongation and the tensile (force) 
strength. See Section 17 for calculations. 

NOTE !L-When using the small IS0 ring, the rate of spindle separation 
shall be 100 -C 10 mm/mm (4 t 0.4 inknin). 

16.2 Tests at Temperatures Other than Standard-Use the 
test chamber described in 6.2 and observe the precautionary 
statement in Note 2. For tests at temperatures above 23°C 
(73.4V), preheat the specimens 6 x 2 min at the test 
temperature. For below room temperature tests cool the speci- 
mens at the test temperature for at least 10 min prior to test. 
Use test temperatures prescribed in Practice D 1349. Place 
each specimen in the test chamber at intervals such that the 
recommendations of 9.2 are followed. 

17. Calculation 

17.1 Stress-strain properties for ring specimens are in gen- 
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eral calculated in the same manner as for dumbbell and straight 
specimens with one important exception. Extending a ring 
specimen generates a nonuniform stress (or strain) field across 
the width (as viewed from left to right) of each leg of the ring. 
The initial inside dimension (circumference) is less than the 
outside dimension (circumference), therefore for any extension 
of the grips, the inside strain (or stress) is greater than the 
outside strain (or stress) because of the differences in the initial 
(unstrained) dimensions. 

17.2 The following options are used to calculate stress at a 
specified elongation (strain) and breaking or ultimate elonga- 
tion. 

17.2.1 Stress at a Specified Elongation-The mean circum- 
ference of the ring is used for determining the elongation. The 
rationale for this choice is that the mean circumference best 
represents the average strain in each leg of the ring. 

17.2.2 Ultimute (Breaking) Elongation-This is calculated 
on the basis of the inside circumference since this represents 
the maximum strain (stress) in each leg of the ring. This 
location is the most probable site for the initiation of the 
rupture process that occurs at break. 

17.3 Calculate the tensile stress at any specified elongation 
by using E!q 2 in 13.1. 

17.3.1 The elongation to be used to evaluate the force as _ 
specified in Eq 2 (13.1) is calculated as follows: 

E = 2~LmC,s)] (7) 

where: 
E = elongation (specified), percent, 
L = increase in grip separation at specified elonga- 

tion, mm (in.), and 
MCm, = mean circumference of test specimen, mm (in.). 

17.3.2 The grip separation for any specified elongation can 
be found by rearranging Eq 7, as given below: 

L = E x MC&200 (8) 

17.4 Calculate the yield stress by using Eq 3 in 13.2. 
17.5 Evaluate the yield strain as given in 13.3. Since yield 

strain may be considered to be an average bulk property of any 
material, use the mean circumference for this evaluation. 

17.6 Calculate the tensile strength by using Eq 4 in 13.4. 
17.7 Calculate the breaking or ultimate elongation as fol- 

lows (see Notes 9 and 10): 

E = 2oo@/Ic(~,] (9) 

where: 
E = breaking or ultimate elongation, percent, 
L 
GTS) 

= increase in grip separation at break, mm (in.), and 
= inside circumference of ring test specimen, mm 

(in.). 
17.8 The inside circumference is used for both types of 

rings, see 15.1.1 .for dimensions. Use the inside diameter to 
calculate the inside circumference for Type 2 rings. 

Nom 10-Q 8, Eq 9, and 10 are applicable only if the initial setting of 
the spindle centers is adjusted in accordance with Eq 7. 

Nora 1 l-The user of these test method should be aware that because 
of the different dimensions used in calculating (I) stress at a specified 
elcngation (less than the ultimate elongation) and (2) the ultimate 
(breaking) elongation (see 20.1 and 20.2), it is possible that a stress at a 
specified elongation, slightly less (4 to 5 W) than the ultimate elongation 
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cannot be measured (calculated). 

18. Report 

18.1 Report the following information: 
18.1.1 Results calculated in accordance with Section 13 or 

17, whichever is applicable, 
18.1.2 Type or description of test specimen and with Section 

13 which type of die, either U.S. Customary Units or Metric 
units, was used. 

18.1.3 Date of test, 
18.1.4 Rate of extension if not as specified, 
18.1.5 Temperature and humidity of test room if not as 

specified 
18.1.6 Temperature of test if at other than 23 t 2°C (73.4 5 

3.6”F) and 
18.1.7 Date of vulcanization, preparation of the rubber, or 

both, if known. 

19. Precii ad Bias 

19.1 This precision and bias section,has been prepared in 
accordance with Practice D 4483. Refer to Practice D 4483 for 
terminology and other statistical details. 

19.2 The precision results in this precision and bias section 
give an estimate of the precision of these test methods with the 
materials used in the particular interlaboratory program as 
described below. The precision parameters should not be used 
for acceptance/rejection testing of any group of materials 
without documentation that the parameters are applicable to 
those particular materials and the specifk testing protocols that 
include these test methods. 

19.3 Test Method A (Dumbbells): 

19.3.1 For the main interlaboratory program a Type 1 
precision was evaluated in 1986. Both repeatability and repro- 
ducibility are short term, a period of a few days separates 
replicate test results. A test result is the median value, as 
specified by this test method, obtained on three determina- 
tion(s) or measurement(s) of the property or parameter in 
question. 

19.3.2 Three different materials were used in this interlabo- 
ratory program, these were tested in ten laboratories on two 
different days. 

19.3.3 For the main interlaboratory program cured sheets of 
each of the three compounds were circulated to each laboratory 
and stress-strain (dumbbell) specimens were cut, gaged, and 
tested. A secondary interlaboratory test was conducted for one 
of the compounds (R19160). For this testing, uncured com- 
pound was circulated and sheets were cured at a specified time 
and tempera- (10 min at 157°C) in each laboratory. From 
these individually cured sheets, test specimens were cut and 
tested on each of two days one week apart as in the main 
program. The main program results are referred to as ‘Test 
Only” and the secondary program results are referred to as 
“Cure and Test.” 

19.3.4 The results of the precision calculations for repeat- 
ability and reproducibility are given in Tables 1 and 2, in- 

- ascending order of material average or level, for each of the 
materials evaluated and for each of the three properties 
evaluated. 

19.3.5 The precision of this test method may be expressed in 
the format of the following statements that use what is called 
aa~‘.~opriag value” of 6 R, (r), or (R), that is, that value to 

TABLE 1 Type 1 (Test Only) Precision on Method A Die C Dumbbell Test Specimens 

NOTE: 
Sr = repeatabiiii standard deviation. 
r = repeatabilii = 2.83 times the square root of the repeatability variance. 
(r) = repeatability (as percentage of material average). 
SR = reproducibility standard deviation. 
R = reproducibility = 2.83 Cmes the square root of the reproducibility variance. 
(i?] = reproducibiiii (as percentage of material average). 

Part f Tmsile Strength, MPa: 
Material Average Within Laboratories Between Laboratories 

Sr (4 SR R WJ 
1. N18OfH 9.88 0.200 O.j68 5.75 0.293 0.829 8.40 
3. El7074 15.38 0.467 1.323 8.60 0.482 1.366 8.88 
2. FM9160 25.70 0.436 1.235 4.80 1.890 6.361 20.82 
Pooled ValuesA 16.99 0.385 1.090 6.42 1.102 3.120 18.37 

Part 2 Percent Elongation: 
Material Average W&in Laboratories Between Laboratories 

Sr I- (3 SR R (FI) 
3. El7074 156.3 6.304 17.842 11.41 11.481 32.492 20.78 
2. RI9160 510.4 11.471 32.464 6.36 21.243 60.120 11.77 
1. N18081 591.6 17.810 50.402 8.52 27.198 76.972 13.01 
Pooled Value@ 419.4 12.761 36.1t4 8.61 20.999 59.427 14.16 

Part 3 Stress at 100 % Elongation, MPa: 
Material Average Within Laboratories Between Laboratories 

Sr r (r) SR R WI 
1. Nl8081 1.17 0.053 0.151 12.96 0.061 0.1744 14.92 
2. R19160 2.01 0.050 0.142 7.10 0.274 0.7755 38.62 
3. El7074 9.08 0.489 1.385 15.25 0.738 2.0910 23.02 
Pooled ValuesA 4.09 0.285 0.808 19.79 0.456 1.2915 31.60 

AN0 values omitted. 
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TABLE 2 Type ‘I (Cure and Test) Precision on Method A Die C Dumbbell Test SpecimensA 

NOTE 1: 
Sr = repeatability standard deviation. 
r = repeatabilii = 2.83 times the square root of the repeatability variance. 
(r) = repeatabilii (as percentage of material average). 
SR = reproducibility standard deviation. 
R = repmducibilii = 2.83 times the square root of the reproducibility variance. 
(R) = reprodu&ility (as penxntage of material average). 

Nm 2: 
N18081-highly extended, low durometer CR (Neoprene). 
R1916O-high tensile NR. 
El 7047-fnoderately filled EPDM. 

Part 1 TenSle Stnmgth, MPa: 
Matmial Average Wmn Laboratories Between laoratories 

sr (3 SR R 07 
1.R19160 26.0 0.613 I.& 6.66 1.74 4.96 19.0 

Pat? 2 Percent Ebngatton: 
Material Average W&in Laboratories Behveen laboratoties 

Sr (d SR R (R) 
l.Rl9160 526.9 13.32 37.11 7.15 19.6 55.70 10.5 

Part 3 Stress at 100 % Elongation, MPa: 
Material Avera9e.' Within Laboratories mween Laboratolles 

Sr 
O.&l5 

(4 SR R VJ 
f.Rl9160 1.83 0.072 11.21 0.226 0.641 34.5 

%ewn labomtoh3e pstticipated in this cure and test program. 

be used in decisions about test results (obtained with the test 
method). The appropriate value is that value of r or R 
associated with a mean level in Tables l-4 closest to the mean 
level under consideration at any given time, for any given 
material in routine testing operations. 

19.3.6 Repeatability-The repeatability, r, of this test 
method has been established as the appropriate value tabulated 
in Tables 1 and 2. Two single test results, obtained under 
normal test method procedures, that differ by more than this 
tabulated r (for any given level) must be considered as derived 
from different or nonidentical sample populations. 

19.3.7 Reproducibility-The reproducibility, R, of this test 
method has been established as the appropriate value tabulated 
in Tables 1 and 2. Two single test results obtained in two 
different laboratories, under normal test method procedures, 

that differ by more than the tabulated R (for any given level) 
must be considered to have come from different or nonidentical 
sample populations. 

19.3.8 Repeatability and reproducibility expressed as a 
percentage of the mean level, (r) and (R), have equivalent 
applicaii& statements as above for r and R. For the (r) and (R) 
statements, the difference in the two single test results is 
expressed as a percentage of the arithmetic mean of the two test 
results. 

19.3.9 &m-In test method terminology, bias is the differ- 
ence between an average test value and the reference (or true) 
test property value. Reference values do not exist for this test 
method since the value (of the test property) is exclusively 
defined by the test method. Bias, therefore, cannot be deter- 
mined. 

TABLE 3 Type 1 Precision-Test Method B (Rings) 

NOTE: 
Sr = repeatability standard deviation. 
r = repeatability = 2.83 times the square root of the repeatability variance. 
(r) = repeatability (as percentage of material average). 
SR = reproducibility standard deviation. 
R = reproducibility = 2.83 times the square root of the reproducibility variance. 
(R) = reproducibility (as percentage of material average). 

Material 

5. MATL 5 
6. MATL 6 
i.MATLl 
4. MATL4 
2. MATL 2 
3. MATL 3 
Pooled ValuesA 

ANo values omitted. 

Average 

11.5 
12.7 
14.6 
15.0 
20.3 
22.3 
15.9 

Tensile Strength (MPa) 

Within Laboratories Between Laboratories 

Sr 
1.&i 

(0 SR R 63 
0.666 16.3 1.43 4.06 35.3 
0.274 0.775 6.0 0.83 2.35 i a.5 
0.367 1.040 7.1 0.40 1.15 7.9 
0.553 1.565 10.4 3.03 8.59 57.2 
1.293 3.660 18.0 2.47 6.99 34.4 
1.556 4.405 19.6 1.55 4.40 19.6 
0.942 2.666 16.7 1.87 5.31 33.3 
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TABLE 4 Type 1 Precision-Test Method B (Rings) 

NOTE: 
Sr = repeatability standard deviation. 

Fij 
= repeatability = 2.83 times the square root of the repeatability variance. 
= repeatability (as percentage of material average). 

SF? = reproducibilii standard deviation. 
R = reproducibiiii = 2.83 times the square root of the reproducibility variance. 
(R) = reproducibilii (as percentage of material average). 

Ultimate Elongation. % 

Material 

1. MATLI 
2. MATL2 
4. MATL4 
5.hum5 
6. MA-IL 6 
3.win3 
Pc&d Value@ 

Average 

322.1 
445.4 
569.4 
545.0 
599.7 
815.8 
639.6 

Sr 
15.25 
11.35 

27.44 
2.91 

12.91 
16.25 
16.54 

Wtiin Laboratories Between Labolatoiies 

43116 
(3 SR R (R) 

13.40 33.4 94.7 29.4 
32.12 7.21 34.1 96.6 21.7 
77.65 1524 51.1 144.8 26.4 

625 1.51 56.3 169.5 29.2 
36.55 6.09 14.0 m-6 6.60 
45.99 5.63 90.6 256.5 31.4 
46.62 8.67 482 136.4 25.2 

ANO ValtJas omittad. 

19.4 Test Method B (Rings): 
19.4.1 A Type 1 precision was evaluated in 198.5. Both 

repeatability and reproducibility are short term, a period of a 
few days separates replicate test results. A test result is the 
mean value, as specified by this test method, obtained on three 
determinations or measurements of the property or parameter 
in question. 

19.4.2 Six different materials were used in the interlabora- 
tory program, these were tested in four laboratories on two 
different days. 

19.4.3 The results of the precision calculations for repeat- 
ability and reproducibility are given in Tables 3 and 4, in 
ascending order of material average or level, for each of the 
materials evaluated. 

in Tables 3 and 4. Two single test results, obtained under 
normal test method procedures, that difFer by more than this 
tabulated r (for any given level} must be considered as derived 
from different or nonidentical sample populations. 

19.4.7 Repruducibiilty-The reproducibility, R, of this test 
method has been established as the appropriate value tabulated 
in Tables 3 and 4. Two single test results obtained in two: 
different laboratories, under normal test method procedures, 
that differ by more than the tabulated R (fdr any given level) 
must be considered to have come fkom different or nonidentical 
sample populations. 

19.4.4 Repeatability, r, varies over the range of material 
levels as evaluated. Reproducibility, R, varies over the range of 
material levels as evaluated. 

19.4.8 Repeatability and reproducibility expressed as a 
percentage of the mean level, (r) and (R), have equivalent 
application statements as 19.3.6 and 19.3.7 for r and R. For the 
(r) and (R) statements, the difference in the two single test 
results is expressed as a percentage of the arithmetic mean of 
the two test results. 

19.4.5 The precision of this test method may be expressed in 
the format of the following statements t&at use what is called 
an “appropriate value” of I; R, (r), or (R), that is, that value to 
be used in decisions about test results (obtained with the test 
method). ‘Ihe appropriate value is that value of r or R 
associated with a mean level in Tables E-4 closest to the mean 
level under consideration at any given time, for any given 
material in routine testing operations. 

19.4.9 B&-In test method terminology, bias is the differ- 
ence between an average test value and the reference (or true) 
test property value. Reference values do not exist for this test 
method since the value (of the test property) is exclusively 
defined by the test method. Bias, therefore, cannot be deter- 
mined. 

20, Keywords 

19.4.6 Repeatability-The repeatability, r, of this test 20.1 elongation; set after break; tensile properties; tensile 
method has been established as the appropriate value tabulated set; tensile strength; tensile stress; yield point 

The Ametimn Society for Testing and MatedaIS lakes no posilion respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of lhis stanahrd are eqressly advised that determination of ihe validity of any such 
patent rights, and he risk of infringement of such rights, are entirely their own responsibility 

This standard is subjrxt to revision at any time by the responsible technical committee and must be reviewed every fwe years and 
if not revised, either reappmved or w&drawn. Your cumments are invited either for revision of this standardor foradditionalstandards 
and shouki be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
techni~l wmmittee. which you may aftend. If you feel tit your comments have rxlt received a fair hearing you should make your 
views known to the ASTM commitfee on Standards, 100 Barr Harbur Drive, West Conshohocken, PA 19428. 

This standard is copyrighted by ASTM 100 Sarr Harbor Drive, West Conshohocken, PA 19428-2959, United States. individual 
reptin& (singfe or mu/tip/e copies) of this standard may be obtained by contacting ASTh.4 at the above address or at 61&832-g686 
(phone), 610-832-9565 (fax), or service@astm.og (e-mail): or through the ASTM website (hi@Vwww.astm.org). 
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Repinted from ti hwa! &I& of ASTM Standards. copyright ASTM 

Standard Specification for 
Rubber Contraceptives (Male Condoms)’ 

1. scope 

1.1 This specification covers the minimum requirements 
for individually packaged male condoms made from natural 
rubber latex and intended for single use. This specification 
does not cover the specifications for lubricants or other 
dressing materials that may be applied to condoms except as 
noted in 3.2. 

1.2 This s~cation is intended to assist buyers in 
obtaining condoms of consistent quality. The safe and 
proper use of condoms is excluded from the scope of this 
specification. 

1.3 The applicability of this specific&ion is as a design 
guideline and a reference test specification. It is not intended 
to be a routine quality control specification for condom 
manufacturing operations. 

1.4 The annexes in this specification include important 
information, such as that on apparatus or materials, that is a 
mandatory part of the spec&.ation but too detailed for 
inclusion in the main text. 

1.5 The appendixes in this specification contain~informa- 
tion intended to provide guidance only and are not a 
mandatory Part of the specification. 

2. Referenced Documents 

2.1 ASTM Srandards: 
D412 Test Methods for Vulcanized Rnbber and Thermo- 

plastic Rubbers and Thermoplastic Elastomers-Ten- 
sion2 

D573 Test Method for Rubber-Deterioration in an Air 
Oven2 

D 1076 Specification for Rubber-Concentrated, Am- 
monia Preserved, Creamed, and Centrifuged Natural 
Latex2 

D3078 Test Method for Determination of Leaks in 
Flexible Packaging by Bubble Emission3 

D3767 Practice for Rubber-Measurement of Dimen- 
sions2 

E 69 1 Practice for Conducting an Interlaboratory Study to 
Determine the Precision of a Test Method4 

2.2 Other Document: 
ANSI/MIL-STD 105E Sampling Procedures and Tables 

for Inspection by Attributes5 

’ This specification is under the jufisdhion of ASTM Committee D 11 On 
Rubber and is the direct responsibiity of Subcommittee D11.40 on Corwmcf 
Rubber Products 

Current edition approved Aug. 10, 1997. Published March 1998. @iginaUy 
publiial as D 3492 - 16. last previous edition D 3492 - 96. 

2 Altnual Bwk of ASTM St*&, Volo9.0 I. 
3 Annzd L&k of ASTM Stondarh, Vol 15.09. 
4 Annual 804 of ASTM Slondardr, VoI 14.02. 
5 Available from American National Standards Institute, I I W. 42nd St. 13tb 

Fbr. New York, NY 10036. 
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3. Materiars and Mlullbnchuo -7 
3.1 Condoms shall be manufactured I% natural rubber 

latex cxmfbrming to Specification D 107% 
3.2 Thecobdomsandanyclmsingmaterialsappliedto 

them shall not hi substances that -own to be toxic, 
sensi* locally irritating or othenv#H harm&l to the 
geneml population under normal conditi#s of use. 

NOTE I--Naturairubbcrlatcxpmductsarekatnw~tocaueeinitation 
orscktidyinasmallprnpartion~thcuscrpopllation. 

Ntnx 2-Condom hhicmts that contain Nonoxynol9 spcrmicide 
areknowntocauseinita&ninasmallruworWmoftbe~~~ 
-a 

4. Requirementa 
4.1 Gene& 
4.1.1 SumpZing--Samples will be selected randomly from : 

the defined “lot”. The sampling plan must cor&orm to the 
requirements listed in Table 1. 

4.1.2 Sample Handling--To avoid inadvertent damage, 
operators must wear rubber gloves, Enger cots, or other 
suitable hand/finger covers and exercise reasonable caution 
inha@.ingthepaeketorcondominordertomiGmizethe 
pcssibiity of damage during the testing procedure. 

4.1.3 Process CDnt&Manllf- maY=P- 
control tests to determine condom properties. F&ed 
condoms shall be used for quali6cation and refw teats. 

4.2 Dimensions-Condoms shall meet the requirements 
listed in Table 2. 

4.2.1 procedures for Dimensional Test: 
4.2-l. 1 Le@r-Measure the length of the condom to the 

near&lmm,uaingthemethoddescribedinAnnexAl. 
4.2.1.2 Wicih-Measure to the nearest 0.5 mm the width 

ofthecon&mlaidfktatadistanceU)rt5mm’fromthe 
open end 

4.2.1.3 Thickness-Measure the thickness of condoms 
dried at room temperature for a minimum of 16 h after any 
dressing materials have been removed with water or 
isoproPano1. Measure the wall thickness at three Points, 30 + 
5mm,9Of5mmandl50+5mml?omtheclosedend. 
The thickness measuring device shall conform to that 
specified in Practice D 3767, Test Method A. When a 
condom is textured, measure the thickness in the 

TABLE1 OLmlttylntpectionR~~ 
hspectan- AOL 

s-2 4.0 
Aibmtpmpeea I 1.5 

I 025 

padcsgs 
paaape-@Y s3 2.5 

” ANsl~-sTD 105E. 



TABLE2 -lRm 

- 

160 54 0.03 

nontextured area. Report the measurements to the nearest 
0.01 mm. 

4.2.1.4 Precision and Bias-The precision and bias of 
measuring condom dimensions are as specified in Fractice 
D 3767. 

4.3 Tensile Propeflies-This part of the speciikatioa 
specifies a method for determining the breaking force, tensile 
strength, and ultimate elongation of rubber contraceptives 
There are no breaking force, tensile strength, or elongation 
requirements for condoms given in this specification. 

43.1 Procedures for Tende Properties-breaking force, 
tensile strength, aad ultimate elongation. Test methods are 
presented in Appendix X1 and Test Methods D 412. 

4.3.1.1 As Is-Condoms that are less thaa 12 months old 
and have not been subjected to acceletated aging. 

- 4.3.1.2 Accelerated Aging-Heat condoms to be aged in 
their primary packages at 70 k 2% for 166 f 2 II in 
accordance with Test Method D573. Detenniae tensile 
properties not less than 16 h or not more thaa 96 h after 
heating. Manufacturers may use process control tests to 
determine suitable shelf life, but accelerated aging at 70°C for 
166 h shall be used for qualification tests aad referee tests. 

4.3.2 Precision and Bias-The precision and bias associ- 
ated with the tensile strength sad ultimate elongation of 
male condoms are as specified in Test Methods D 412. 

4.4 Air Burst Properties-Condoms shall conform to the 
requirements of 4.4.1 for pressure aad 4.4.2 for volume. 

4.4.1 ‘Pressure-When tested as described ia Annex A2, 
the bursting pressure shall not be less than 1.0 kFa. 

4.4.2 Vohme-When tested as described in Annex A2, 
the bursting volume shall not be less thaa that as calculated 
by the following equation: 

V, = O.O0592(w2) (1) 

where: 
V& = minimum burst volume in dm3, rounded to the 

nearest 1 dm3 
w = nominal flat width in Wmetres of the shank 

portion of the condom measured 70 mm & 5 mm 
from the open end. 

NOTE 3-Cubit de-cimetre (dm3) is equivalent to titre (L). 

4.4.3 Precision and Bias: 
4.4.3.1 Tables 3 aad 4 are based on an interlaboratory 

study conducted in 1992 in accordance with Practice E 69 1 
involving six condom lots tested by six laboratories. For each 
lot, all the samples were prepared at one source but the 
individual specimens were prepared at the laboratories that 
tested them. Each test result was the average of 80 individual 
determinations. Each lab obtained two test results for each 
condom lot. 

Nm 4: Caution--The explanations of r aad R in 4.4.3.2 am only 
intended to present a meaningful way of considering the approximate 
precision of tbis test method. The data ia Tables 3 aad 4 should not be 
rigorously applied to the acceptance. or rejection of condom lot, as those 
data are specific to the round robin aad may not be representative of 
other lots, conditions, materials, or laboratories. Users of this test 

2 

TABLE3 Bursts 
NOlE-dVdUEShkF?ShtS. 

A 1.66 0.19 020 a53 0.56 
: 1.67 1.76 024 0.16 E Ei 053 0.72 

Q 1.75 02l 0.66 0.66 
E 1.64 2 026 0.75 
F 1.71 0.19 020 0.56 

TABLE4 &lntv&lme 

tbm--dwluesh&+udta. 

A 37.3 :: :: 13.0 15.3 
a a.3 11.1 
C 

ii: 
52 6.6 14.7 16.9 

D 37.9 53 6.3 15.7 17.9 
E 26.4 4.6 5.1 13.7 14.5 
F 37.6 6.1 6.6 172 16.6 

method should apply the principles outliaed ia Practice E691 to 
gmaatcdalaspeci6clothcirlabolatoryarKlmataialsor~ 
spedic labanttok Tbe prbeiples of 4.4.3.2 would lka be valid for 
swhdilta 

4.4.3.2 Concepf of r and R.- If S, aad S, have been 
cslculated from a large eaough body of data for test results 
that were averages (medians/other function) fi-om testing X 
number of specimens, the following defiaitioas are apph- 
cable: 

(a) Repealability (r)-Compariag two test methods for the 
same material obtaiaed by the same operator usiag the same 
equipment on the same day. The two -test results should be 
~u$&ta~~nleat if they differ by more than the r value 

(b) Reproducikity (R+Comparing two test results for 
the same material obtained by different operators usiag 
different equipment on different days. The two test results 
should be judged not equivalent if they difkr by more than 
the R value for that material. 

(c) Any judgemeat in accordance with 4.4.3.1 and 4.4.3.2 
would have an approximate 95 % (0.95) probability of being 
correct. 

4.4.3.3 There are no mcognkd standards by which to 
estimate bias of this test method. 

4.5 Lmkuge: 
4.5.1 Criteria-Condoms that burst during the test or 

show any evidence of leakage in the test area, iacluding 
seepage, microdrople& squirter etc., not including leakage 
at a distance of 25 mm (1 in.) or less from the open end, will 
be considered failures. The test method is described in 
Annex A3. 
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4.5.2 Precision and Bias-No statement is made coa- 
ceraing the precision or bias of dctermiaiag leakage in 
condoms since the result states merely whether there is 
conformance to the criteria specified. 

5. Packaging 
5.1 Unless otherwise specified, packaging shah be in 

accordance with the manufacturer’s commercial practice. 
5.2 Condom packages shall be tested in accordance with 

Test Method D 3078 with the pressure reduced at least 50.8 
kPa (15 in. of Hg) below atmospheric pressure. The iaspeo 
tioa requirements of Paragraph 8.2 of Test Method D 3078 
are not required. Package integrity requirements are stated in 
Table 1. 

6. Labeling 
6.1 Each condom package (individual or retail) shall be 

marked legibly and include the name or trademark of the 
_- manufacturer. 

6.2 The retail package shall coatain’either the uacodcd 

date of manufacture or expiration date, which shall be 
marked as such. 

6.3 The retail package may also contain information 
regarding the description of the condom (for example, 
nominal width, length, texture, shape, etc.). 

7. storagf? 

7.1 Condoms shall not be allowed to come into contact 
with oil-based antiseptics, phenols and their derivatives, 
petroleum-based products, or other material harmful to 
rubber. 

7.2 Latex condoms should be stored in sealed containers 
iu dty areas at temper&me below 400% (1049). Storage for 
shott periods of time above this temperature will not be 
harmfidtoproduct.Theyshouldbekeptawayf%omdirect 
sources of heat and ultraviolet light. 

8. QdtyA6suratlce 
8.1 When spec%ed in the contract or purchase order, the 

supplier is responsible for the pe&ormancz of all inspection 
requirements. 

3 



ANNEXES 

(Mandatory Information) 

Al. DETERMINATION OF LENGTH 

Al.1 Purpose 
Al. 1.1 Annex A 1 specifies a method of determining the 

length of rubber condoms. 

Al .2 Principle 
A1.2.1 Free hanging of the unrolled condom over a 

graduated mandrel (Fig. Al. 1) and observation of its length, 
the teat excluded. 

25.0 f 0.2 llK& 
diameter 

Al3 Equipment 
A1.3.1 A mandrel with a scale divided into mihimetres 

and having the dimensions shown in Fig. Al. 1. 

Al .4 Procedure 
A 1.4. I Unroll the condom and smooth out the wrinkles 

resulting from the condom having been rolled up. 
A 1.4.2 Put the condom over the mandrel and let it hang 

freely, stretched only by its own mass. 
A1.4.3 Note, to the nearest millimetre, the length of the 

condom as indicated on the scale outside the open end of the 
condom. 

Al.5 Test Report 
A 1 S. 1 Report the following information: 
A1.5.1.1 Identification of the sample, 
A 1.5. I .2 Length noted in accordance with A 1.4.3, and 
A1.5.1.3 Date of testing. 

FIG. Al.1 Mandrel for Determining Length of Condom 

4 
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A2. AIR BURST ‘ITSTING OF CONDOMS 

AZ.1 principle 
A2. I. I A constant length of condom is inflated with air, 

and tbe volume and pressure at the moment of bursting is 
recorded. 

A2.2 Equipment, 
A2.2.1 Apparatus capable of inflating the condom with 

clean, oil-free air at a specified rate and provided with 
equipment for measuring volume inside the condom to an 
accuracy of _+5 % and m-essure inside the condom to au 
accuracy of k2 %, respktively. It must be configured 

2510 mm DIA 

to 

measure the PESSIIE witbin the condom and not at the air 
inlet line presaq which may be d.iiFerent. 

A2.2.2 Suitable mount for clamping the condom to the 
apparatus without damagbg or sbetching the condom. The 
mount shall be equipped with a rod of sufkient iengtb to 
ensure that the kugtb of condom tested, excluding reservoir 
(if any), is 150 It 3 mm. The rod shaR terminate in a smooth 
sphere 25 mm in diameter for hangiug the uurokd condom 
when fixed to the apparatus Examples of suitable mounts 
a~ shown in Ftgs A2.1 and A2.2. Additional iufbrmation 
relatedtothe~~tionoftheairbursttesting~~is 
provided in Appendix A2. 

Activalion’Fonx 
(piston. lever. mechankai drive) 

OPtiOnal. Hemisphere 
Tube Length Limiter 

25.0 mm 
Drlva Ring 

Drive Pin 

Drive Rod 

JZXPLODED VIE%! 
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Optional. Hemisphere 
Tube Length Limiter 

Expansion cutt 
Air Inlet 

Condom Inflation Air Inlet 

CROSS SECTION 

Pressure 
Tap 

Ball and Rod 
length 

3 
limiier - 

Mounting 
fins - IA 

Clam 
Ring 

Cord - 

Expansion 
cun 

--cl cord - 

Mounting 
Cylinder 

Aili 

Clamping 
Ring Slop 

EXPLODED VIEW 

OPERATION 

A23 Procedure 

A2.3.1 Carry out the test under controlled conditions of 
temperature (25 -L ST). 

A2.3.2 Unroll the condom onto the rod without 
stretching, but ensure that the condom is draped smoothly. 
Place the unrolled condom on the mount. seal it to the 
system and ensure that air cannot leak through the seal or 
from the system during inflation. 

A2.3.3 Inflate the condom with air at a constant rate of 
0.4 to 0.5 dm3/s (24 to 30 dm’/min). 

NOTE 5-The flow rate referred to is that under pressure and 
temperature conditions prevailing at the opening that leads into the 

condoms. 

A2.3.4 If the condom leaks, discontinue the test. In the 
anidysis of the test restA& such behavior does not constitute 
a sample test. Replace the sample if this occurs. 

A2.3.5 If the condom does not leak, m- and recofd 
the bursting volume in cubic decimetres rounded to the 
nearest 0.5 dm3, and the bursting pressure in kilopascals 
rounded to the nearest 0.1 kPa 

A2.4 Test Report 
A2.4.1 Include at least the following particulars in the test 

repot-t: 
A2.4.1.1 Identification of sample, 
A2.4.1.2 Bursting volume and bursting pressure of each 

condom tes@J, and 
A2.4.1.3 Date of testing. 
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A3.1 Test Principle 
A3.1.1 Experience 

most sensitive when 

~3. LEAKAGE TIBT 

(place) it on the tilling appamtus. 
has-shown that the water leak test is 
the condom is filled while hanging -- . . 

vertically, its top is closed off, and the condom is placed in a 
horizontal position while it is examined for leaks. With this 
technique, the internal pressure over the entire condom 
surhace is approximately uniform. 

A3.2 Test Apparatns 
A3.2.1 A tilting apparatus with suitability smooth-finished 

funnel fixture whose design permits the condom under test 
to hang unsupported, that is, with the closed end not 
touching the surf&e below while being fIkd with water, 
should be used, If the condom is not removed Tom the 
device for inspection, the apparatus must also seal the end of 
the condom against water overflow witpout the introduction 
of an air headspace as the condom is pktioned horizormdly 
as in A3.3.5. 

A33 Procedure 
A3.3.1 A properly trained and qualified operator wilk 
A3.3. I. 1 Caretidly remove the condom from the package, 

being sure to hold the condom while it is still inside the 
package in such a manner that during the opening of the 
package, the packaging material does not damage or cut the 
condom. Remove the condom, and if rolkd, unroll the 
condom to its fullest length. 

A3.3.1.3 Fti each condom to be tested with 300 f 25 cm3 
ofwaterwho6etemperatumisnotIessthan2O’Cnorgmater 
than4OCAlbwthec0ndomtobangfieeIyfornotles;than 
1 min.Inspecttheentiresu&ceofthewater-@ledareaof 
the condom for evidence of k&age. 

A3.3.1.4 Close off the top of the condom, If the condom 
isnotretnovedfkomthedeviafor&pect.ioqtheappamtus 
mustakoseaiorpermitmanualseaRngoftheopenendof 
thecondomagainstwatcxodowwithouttbei~~~~~n 

ofanairhe&paceasthecondomispos&nedhorizomally 
as in A3.3.5. 

NulFbRaomtsurvcyaoftln! raab@cetlavafinMdprodlicts 
witbhlhcsmpedtlliarperjfiadionthatwillnot~colrtpinthe300 
cm’ofwatcrarqukdfbrtbbtcBToevatuatetbweproduc%for 
1ealcagt,manual-oftbccoodomtoauow6uingwitllthc300 

3 p 
iiinzl. 

* ‘. noftbccoudomtoaunifb!mpaslncof1.6kFai~ 

A3.3.1.5 Mamlauy raise the closed end of the kely 
hanging condom (for exampIe, in the cupped paim of one 
hand) through an angle of 90 f LV, that is, until it is 
horizontal, Inspect the entim surface of the condom for- _ 
evidenceofkakage. 

A3.3.1.6 If leakage is noted in the upper region of the 
condom near the rim, mark the spot. Remove the condom 
from the tunnel fixture. Empty the water. Measure the 
distancet?omthemarkedspotoftheleaktotherim. 

A3.3.1.2 Carefully stretch the condom’s rim and at% 

APPENDIXES 

Xl. PREPARATION AND TESTING OF RING-STYLE TFST SPECIMENS FOR THE TFNSILE TESTING OF 
CONDOMS 

x1.1 Purpose 
XI. 1.1 The purpose of Appendix X 1 is to provide inhor- 

mation on the preparation of the ring-type tensile specimens 
supplementary to that provided in Test Methods D 412. 
Experience with the tensile testing of condoms has resulted 
in several refinements to the methods of specimen prepara- 
tion described in Test Methods D 412. It has been demon- 
strated during interlaboratory studies of this test procedure 
that the hand or mallet cutting of specimens, as allowed by 
Test Methods D 412, results in consistently lower tensile 
strength values and cousiderably greater experimental vari- 
ability. 

Xl.2 General 
X 1.2.1 The importance of cutting properly prepared ring- 

type test specimens for the tensile testing of condoms cannot 
be overemphasized. Every effort must bc made in the 
training of personnel and the selection of equipment to 
ensure that the test specimen is clean cut and that the cut 
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across the width of the condom is made at a right angle to the 
condom’s length The use of guides for the selected sample 
cutting equipment to ensure the condom is placed at right 
angles to the cutting die is mxmmended. In additioa the 
region selected for cutting should be inspected carefully prior 
tocuttingtoensurethatthemsuhingringspecimenisfkeof 
filmflaws. 

Xl3 Eqnipment 
X1.3.1 Die-A device having parallel cutting edges 

spaced20fO.l mmapartandhavingalengthofatleast70 
mmdesignedsothatthecuttingedgeamaybereplacedor 
honed periodically to maintain the die’s sharpness. 

X1.3.2 Cutter-A mechanical press or other apparatus 
that ensuns that the die’s cutting edges will move in a 
shaight vertical direction to the anvil (cutting surface). 

NOTE 7-Expaiencehas.sbamtbatam~pnsPoperatingat 
aminimumvaticalcuttingspecdofnotlesstbao500mm/s(20in./s) 
andcoWuctedsothattbcdicaxaybeattachcdtothea&orwiU~ 



in more uniform specimens. As an alternative, a m&et a&l * \W’be 
used for sample cutting. However, this method is not xcommended 
since the quality of the sample produced is greatly atlkted by the skill of 
the technician and the technique used. 

X1.3.3 Anvil (Replaceable Cutting Surface)--7% anvil 
must be a flat surface Iarge enough to support a repkeable 
backing material that will permit the die to cut cleanly 
through the test specimen with minimal damage to the die’s 
cutting edge. The cutting die shah not cut over previous 
cutting scars in the backing material. 

NOTE 8-Experience has shown that 3 mm (0. I25 in) thick high 
density polyethykne (HDPE), polyvinykhloride (PVC), rubber, and 
polyetbyknwoated adboard ~ZC@pt&kb&illgmatedals.HiWi- 
prescd-alsobasbeeoused suaw&lly,but~mustbe 
takentoensurcthatthediecuttingedgeisnot~Awidevariety 
of materials produce good results ifthey meet the bask nqhxnent3 of 
being smooth, tlat, and firm. When cutting specimens, excaive 
penetration of the cutting surface should be avoided. If comiderable 
penethon is required to cut the sampk, the cutting surface is not 
suflkiently firm or the die is not su!ikiently shaxp. 

- Xl .3.4 Unrolling Mandrel-A device -made of suitable 
material (smooth and cleanable) that will permit the condom 
to be unrolled, if necessary, and sized so that the condom is 
not stretched during its removal. 

X1.3.5 Solvents-Water or isopropyl alcohol, or both, to 
be used to remove lubricant, if required. 

Xl -3.6 Towel-A soft laboratory grade absorbent mate- 
rial to be used to remove lubricant, if required. 

X 1.3.7 Dressing Material-Virgin tic, corn starch or 
silica, or both, (fi-agrance-fke) to be used to assist drying and 
avoid stickiness during handling and cutting. 

X 1.3.8 Condom Drying Apparatw-An example of suit- 
able apparatus for drying the condom after removal of the 
lubricant is shown in Fig. X 1.1. 

Xl.4 Method 
X 1.4.1 Condom Preparation: 
X 1.4.1.1 Carefully remove the condom from the package, 

being sure to hold the condom while still inside the package 

ht .su& 3 miz+xrrex &e&-g the opening of the package, the 
packing m&er%l $ti sot damage or cut the condom. 

X1.4.1.2 Qarefk& nnrolt the condom to its full length. 
XL4.1.3 Cut off the reservoir portion at the SbOukkr 

area For round end condoms, cut just below the round end. 
X 1.4.1.4 Individuafly dip each lubricated condom into 

labomtory grade anhydrous isopropyl alcohol (IPA). For 
aqumbased lubri- water can he used. The condom 
should be bekl by the ring when dipping. 

X 1.4.1.5 In a second container containing IPA or water, 
again individually dip each condom (if necessary). 

X 1.4.1.6 splbsequentiy dip each condom in an IPA/ 
dressing materiaI shury by submersion and gently mixing 
constantstirringoftIleshuryisreq~ 

No~~9-Auaolutio~~mustbecban@wbenneassary. 

X1.4.1.7 Dry the condom (reservoir removed) using a 
Suitable apparatus (see X1.3.8) for a minimum of 15 min. 
Remove any excess dress&g material by wiping. 

Xl .4.1.8 Lay the condoms flat on a bench top surface 
covered with towels and allow to air dry at ambient 
temperature for a minimum of 16 h. The condoms must be 
covered in some manner during this period. 

NOTE lO-Stepa X1.4.1.4 through X1.4.1.8 arc ap&cabk to lubri- 
cated eomioms only. 

X 1.4.2 Ring Specimen Prqarat~on-Lay the condom on 
the replaceable cutting surface, making sure that it is flat and 
fire of folds and wrmkles. 

X1.4.2.1 Smoo& Surface Condoms--cu the ring speo 
im&ih theregion approximately 80 mm from the open end 
of the condom. Care should be taken to ensure that the 
cutting edges of the die are parallel to the “width” of the 
condom and petpemiicular to the “length” of the con&m. 

X1.4.2.2 Twured Surface Condoms--cut the ring speo 
imeninaregionfkeeoftextureandatleast5mmfkomthe 
nearest texture or the rim. Care should be taken to ensure 

a3 

NOTE-l--OiWw. m&t~e-frw canpressed air su#y. 
P-suitable material. for l3xfmpk glass. 
3--R-remwed. 

FIG. X1.1 Condom oryhs Apparatus 
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that the cutting edges of the die are parallel to the “width” of 
the wndom and perpendicular to the “length” of the 
condom. 

X1.4.2.3 Form-$tting Condoms--Cut the ring specimen 
in a region free of shaping, that is, in a region in which the 
edges of the condom are parallel to and at least 5 mm from 
the end of the shaping or the rim. Care should be taken to 
ensure that the cutting edges of the die are parallei to the 
“width” of the condom and perpendicular to the “length” of 
the condom. 

X1.4.2.4 Other Sty/es of Condoms-Cut the ring spec- 
imen in the region approximately 80 mm from the open end 
of the condoms, if free of texture or shaping, or in any other 
region wnsistent with the intent of forming a ring specimen 
that, when tested, will yield information wnsistent with 
assessing product quality. 

X 1.4.3 Inspectiorr- 
X1.4.3.1 Examine the ring specimens for evidence of 

damage, for example, nicks, or team along the cut edm or 
flaws in the film. Discard any ring specimen determined to 
be unsuitable and replace with a newIy cut specimen from a 
freshly opened condom prepared as described in X 1.4.1. 

X1.4.3.2 Condition all tensile test specimens, if not al- 
ready conditioned, for not less than 3 h at 25 f 5% and at 50 
f 5 % relative humidity. Test at 25 k 5’C. 

X I .4.4 Dimensions of Tensile Spe~imenz 
X 1.4.4.1 For each specimen, measure the thickness to the 

nearest 0.0 1 mm. Discard any specimen if the three measure+ 
ments differ by more than 0.02 mm. Record the mean for 
the thickness. 

X1.4.4.2 Lay the specimen flat. For each specimen, mea- 
sure the distance between the two folded edges to the nearest 
0.5 mm. Multiply the measurement by 2 to obtain the 
circumference of the ring specimen. 

XI .4.5 TensiZe Tesre-Use a tensile tester with a range of 
approximately 100 N and a speed of 8.5 f 0.8 mm/s (500 
mm/min). Use roller grips at least 20 mm in length and 15 f 
1 mm in diameter that rotate on low fiction bear&. If 
desk+ rotate one roller.grip mechanically at a rate of 
yyWr;utron m 6 to 10 s. 

w, lubricate the rok sur- 
faces ii& any rubber lubricant, for example silicon 0% talc, 
etc., that does not atFix3 natural rubber. Place the specimen 
over the mlkts and star& the tester. Record the force and 
separation of roller centers at break 

X 1.4.7 C.iom: 
X 1.4.7.1 Calculate the tensile strength as follows: 

F 
T=- 

F 
- 0.025 - 

2m D 
where: 
T=knsilestw&,IWa, 
F =bmakingfonas,N, 
W= width of rins, 20 mm, and 
D=meansinglewaIlthicbmss,mm. 

X1.4.7.2 CUculate the elongation at break as follows: 

(2) 

(3) 

where: 
E =elongationat~% 
D=distancebehveenamtemofrollersatbreak,mm, 
G =circm&smnceofoneroller,mm,and 
C = circumference of the specimen, mm. 

X 1.4.8 Test R--Report the following information: 
X 1.4.8.1 IdentifWion of the sample, 
J&4&&-+~ bee, ultimate tensile strength, and 

elongation for each tested condom, and 
X1.4.8.3 Date of testing. 

X2. AIR INFLATION EQUIPMENT FOR THE DETERMINATION OF BURSl-ING VOLUME AND PRESSURE: 
AN EXAMPLE OF SYSTEM CALIBRATION 

X2.1 General 

X2.1 .I Due to the diversity of equipment used by dif- 
ferent testing laboratories, it is not practical to define all 
calibration procedures. However, a general outline (Fig. 
X2.1) of system calibration techniques and descriptions of 
some widely applicable procedures are WarrantediIlOrdertO 

minimize interlaboratory variance. These checks should be 
carried out before new equipment is commissioned, after a 
modification or repair, and periodically at pre-established 
intervals in accordance with good laboratory practice. 

X2.2 Clamp Slip Force Check 
X2.2.1 A clamp slip force test ensures that the condom 

length does not vary during intlation. Clamp slip force 
checks should be carried out with standard, lubricated, 
untextured condoms. 

X2.2.2 Install a condom on the clamp and mark the 
condom with a line-tipped felt pen at the edge of the clamp. 
Place a second condom over the outside of the first condom 
and outside the clamping ring. Do not place the second 
condom inside the clamp. Inflate the wndom to at least 2.5 

kPa and observe whether the mark has moved. Ifthem has 
been movement of the mark away tiom the clamp, repair or 
replacetheclamp.Ifnodippage&.sfx~procedtothe 
inflation length check (X2.3). 

X23InfhthLangtbM 
X2.3.1 Thespe&edlen~ofwndomtobeinflatedis 

150mmf3mm.Toverifythislength,motmtawndomon 
each clamp. Mark the wndom with a linetipped felt pen as 
close as possible to where it is gripped by the clamp. Remove 
the condom and place it on a standard length-measuring 
mandrel with a tip diameter of 25 mm Read and record the 
length at the mark If any measurement is outside the range 
of 147 to 153 mm, check the clamping mechanism to 
determine if the clamp is stretching or interfering with the 
condom. Make wrreetions, or replace the clamping me&a- 
nism, and then repeat the inflation length check. If inflation 
length is within specifications, proceed to the ctileak check 
(X2.4). 

X2.4 Cuff Leak Cheek 
X2.4.1 For systems having an in&ted cuff, there is a 
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I x2.2 Clamp Slip Force Check I I 

I X2.3 Ml&on Length Check I 

I X2.4 Cuff Leak Check J 

x2.5 System Leak Check 
I 

1 

I 

I. X2.6 Pressure Check 
1 I _- I 

I x2.7 Timer Check 

I 
I 

I x2.8 Air Row Rate Check 
I 

I x2.9 Volume Check 
I 

I X2.10 Verification of Automated Svstems I 

possibility that air wuld leak from the cuff into the condom 
while the cuff is still clamping effectively. 

X2.4.2 If there is an isolation valve between the cuff and 
the air supply, isolate the cuff and then observe to see that 
the cuff is still Mated alter 5 min. 

TR = temperature (‘IQ of air flowing through the rotameter 
when it was calibrated against a certified meter, 

P = absolute pressure &Pa) at the rotameter inlet when 
determin@ air flow rate (barometric pressme =dgage 
inlet pressure), and 

T = tempemture (X) of air passing through the rotameter 
when determining air flow rate. 

X29 vohJaecheek 
X2.5 System Leak Check 

X2.5.1 Inflate two condoms one over the other to approx- 
imately 20 dm3 (about 40 s inflation time), and turn off the 
air supply. Record the height of the condom. Recheck the 
height after 10 min. If the change in height of the condom is 
over 50 mm, repeat the test with two other condoms. If there 
is still a significant height reduction, check the system for air 
leaks. If the condom height remains within 50 mm of the 
initial height, proceed to the pressure check (X2.6). 

X2.6 Pressure Check 

X2.9.1 In-line Volume Me&r-For systems equipped 
with an in-line volume meter, the meter can be checked 
against a rotameter or other certified volume meter. 

X2.9.1.1 A rotameter can be placed in-line with the 
volume Sowmeter, and the reading on the volume meter can 
be compared with the product of the true flow rate (as 
calculated in X2.8) and a 6xed time of calibration, for 
example, 60 s. The pressure at the inlet to the rotameter and 
at the volume flowmeter must be the same or a wrrection 
must be made (using the perfect gas law) for any expansion 
between the volume flowmeter and test head. 

X2.6.1 Pressure gages or transducers should be checked X2.9.2 Air Flow Rate Multiplied by Time-For systems 
regularly against a reference meter. A convenient and that use air flow rate multiplied by time to determine the 
accurate reference is a water-tube manometer. The water in burst volume, a wrrection factor must be used for the 
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the manometer should be clean and the zero should be 
checked prior to each use. 

X2.6.2 F& check gage or transducer reading for zero. 
Connect the manometer in par&4 with the pnssure gage or 
transducer. Pressurize the system over the range of O-3 kpa, 
and compare the pmssure ofthegageorttimsducertothe 
manometer. 

X2.6.3 If the gage or transducer gives a reading within 
0.05 kPa of the manometer, then the calibration is accept- 
able. 

X2.7 Timer Check 
X2.7.1 Stopwatches or electric timers should be checked 

against nationally cxrtikd timers (for example, telephone 
clocks or broadcast time signals). 

X2.8 Air FIow Rmte Check 

X2.8.1 Thischeckistoensurethattheairflowmteis 
within the specifications 0.4-0.5 dm3/s (24-30 dm3/min) 
when ambient pressure or temperature changes. 

X2.8.2 Calibration of air flow rate is most conveniently 
carried out u&g a suitable varia& ama flowmeter 
(rotameter) calibrated against a nationany or intemationaIly 
fzehfied displacement flowmeter. Once the rotameter has 
beencaliitedagainstaknownstan~theactualflow . 
rate can be cakulated wing the following equation: 

Ncm12-‘kdame&rmastbepiacedattheairialettothe 
condom. 

where: _...v.. 
Q = actual air ilow rate (dm3/s), 
qR = reference air flow rate (dm3/s) obtained Erom cerlitied 

rotameter wnversion chart, 
PR = reference absolute pressure &Pa) at the rotameter inlet 

when the rotameter was calibmted against a cetied 
meter (sum of barometric pnzssure and gage inlet 
pressure), 



compressibility of the gas. The following equation will 
provide the actual air volume inside the condom at the time 
of burst: 

where: 

e” 
= burst volume (dm’), 
= actual air flow rate (dm3/s) (see X2.6), 

L 
= time to burst (s), 
= barometric pressure (kPa), and 

P- = condom pressure at burst &Pa). 

X2.10 Verification of Automated Systems 
X2.10.1 On systems where results (for example, volume, 

inflation time, and prasure) are record& automatimlly, it is 
mxssary to check that all parameters recorded are actually 

those at the time of burst. This must be done for each test 
head in the system. 

X2.10.2 Manually calculate the burst volume using the 
calculation outlined in X2.9.2. A stopwatch should be used 
torecordtheinflationtimetothenean3t0.1 s.I&ation 
time is defined as the period from which the air flow begins 
to inflate the condom to the burst moment. Compare the 
manually calculated burst volume to the automated burst 
volume. If the results are sign&antly difIkren& the auto- 
mated system inflation time and flow r&e calculation should 
bechecked. 

X2.10.3 For systems using a volume flowmeter, the 
computer output shouid be checked against the meter 
reading.Theburstprwureshoukibemanuallynxxwdedand 
compared against the automated readout. If the pi3xw.m is 
zignificantiy diffkrent, r&r to X2.6 for pressure check. 
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